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(57) Abstract: 

PURPOSE: To uniformly form a film on a work by 
executing stable and uniform sputtering even if an 
undesirable magnetic field acts near a target of the 
magnetron sputtering device. 

CONSTITUTION: A drive ring 32 is rotated around a 
cylindrical part 26 as a central axis at a specified 
rotating speed, for example, 30rpm, by the rotational 
driving power of a driving motor 36. A pair of magnet 
units 46, 48 are mounted apart 180° spacing from each 
other by means of supporting rods 42, 44 to a 
disk-shaped supporting plate 40 in the lower part of the 
drive ring 32. These magnet units 46, 48 are the magnet 
units of the polarities reverse from each other and the 
respective magnetic fluxes form such magnetic fields 
which are the same in the intensity of the magnetic 
fields but are opposite in the directions of the 
magnetic lines of force. High-density plasma is confined 
near the surface of the target 20 by the magnetic fields 
for confining plasma from these magnet units 46, 48, by 
which a so-called plasma ring is formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Magnetron-sputtering equipment characterized by the thing which give the magnetic field 
for shutting up respectively high-density plasma near the front face of a target, and for which the 
predetermined interval was set, and two or more aforementioned magnetic field generating meanses 
for [ plasma ******] wer e constituted so that it might be made to move on a predetermined path so 
that it may have two or more magnetic field generating meanses of reversed polarity for [ plasma 
****** ] mutually and the plasma of the aforementioned high density may trace the front face of the 
aforementioned target, respectively. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to magnetron-sputtering equipment. 
[0002] 

[Description of the Prior Art] Sputtering makes the ion of plasma collide with the front face of the 
target by the side of cathode (vacuum evaporationo material), and is membrane formation 
technology which is made to deposit the particle flown soon on the processed object by the side of 
the anode plate which counters, and forms a film from there. The magnetron-sputtering method is a 
technique which shuts up high-density plasma near a target front face using a magnetic field, in order 
to raise spatter efficiency. 

[0003] A magnet is formed in the background of a target and it is made to give a magnetic field 
which shuts up high-density plasma near a target front face in the shape of a ring from this magnet 
with common magnetron-sputtering equipment. Thus, generally the high-density plasma distributed 
in the shape of a ring is called the plasma ring. However, after this plasma ring has stood it still, the 
local spatter of the target front face is not carried out to the shape of a ring. Then, in order to perform 
a uniform spatter on all the front faces of a target, the magnet is moved by the background of a target 
so that a plasma ring may trace a target front face. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, although the magnetic field for 
[ plasma ****** ] i s given near the target from the magnet arranged at the target background, a 
magnetic field [ **** / un-/ from the outside ] may act there. For example, when magnetic-shielding 
material is used for the equipment container (vacuum chamber), the magnetic field from this 
magnetic-shielding material may reach near a target. Or the magnetic field from other magnetron- 
sputtering equipments currently installed in near may reach near the target of the magnetron- 
sputtering equipment concerned. 

[0005] When a magnetic field [****/ U n-/ from such the outside ] reaches near a target, the 
magnetic field of original for / plasma ****** / is influenced, and causes change to the plasma 
density of a plasma ring. That is, in order that a plasma ring may perform periodic motion on a target 
front face, the plasma density of a plasma ring is changed regarding the place according to the 
polarity, the direction, and magnetic field strength of an external magnetic field, and while a spatter 
is promoted rather than others in a portion with a target front face, in another portion, a spatter is 
suppressed rather than others. Consequently, a uniform spatter is no longer performed on a target 
front face, as a result the fault that the membrane formation on a processed object, for example, a 
semiconductor wafer, becomes uneven arises. 

[0006] Even if it was made in view of this trouble and a magnetic field [ **** / un-] acts near a 
target, this invention performs a stable and uniform spatter and aims at offering the magnetron- 
sputtering equipment which can form membranes uniformly on a processed object 
[0007] J * 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the magnetron- 
sputtering equipment of this invention considered two or more aforementioned magnetic field 
generating meanses for [ plasma ****** ] as the composition which gives the magnetic field for 
shutting up respectively high-density plasma near the front face of a target and to which set a 
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predetermined interval so that it may have two or more magnetic field generating meanses of 
reversed polarity for [ plasma ****** ] mutually and the plasma of the aforementioned high density 
may trace the front face of the aforementioned target, respectively, and it is made to move on a 
predetermined path. 
[0008] 

[Function] When not only the magnetic field for [ plasma ****** ] but the other magnetic field 
[****/ un-] reaches near a target, since the polarity of the 1st and 2nd magnetic field generating 
meanses for / plasma ****** / is mutually reverse, change of the plasma density which produces 
change ****** of the magnetic field strength produced by the magnetic field / **** / un-], 
respectively in the magnetic field for by the 1st and 2nd meanses from a magnetic field for / plasma 
****** / to each high-density plasma becomes the complementary thing of a retrose mutually 
Therefore, if the 1st and 2nd magnetic field generating meanses for [ plasma ****** ] move on a 
predetermined path, the high-density plasma with which a changed part was offset and equalized by 
each position on a target front face will act, and a uniform spatter will be performed. 
[0009] 

[Example] Hereafter, the example of this invention is explained with reference to an attached 
drawing. Drawing 1 shows the composition of the planar formula magnetron-sputtering equipment 
by one example of this invention. 

[0010] In this magnetron-sputtering equipment, the semiconductor wafer 52 is laid as a processed 
object on the installation base of the heating mechanism 50 in which the spatter gun 12 was attached 
downward (inner sense), countered the upper surface of the processing container 10 under the spatter 
gun 12, and was arranged in it. The board 54 around the heating mechanism 50 is a covering board. 
A shutter 56 is formed between the spatter gun 12 and the semiconductor wafer 52, and this shutter 
56 is evacuated from the target side of the spatter gun 12 during a sputtering period. 58 is a shutter 
driving shaft and 60 is a shutter driving source. 

[001 1] The spatter gun 12 has the cylinder-like casing 14. As fixed attachment of the disk-like 
cooling jacket 18 is carried out through the ring-like insulating material 16 and it sticks to the 
inferior surface of tongue of this cooling jacket 18, the pan-like target 20 turns a target front face 
downward, and is attached in the inside soffit section of this casing 14 removable with a screw 22. In 
the cooling jacket 18, channel 18a for letting the coolant pass is prepared. Pin 18b of the couple for 
preventing a rotation gap of a target 20 is prepared in the target attachment section of the center of an 
inferior surface of tongue of a cooling jacket 18. 

[0012] As the disk-like insulating substrate 24 blockades casing upper-limit opening in the upper 
part of casing 14, it is attached in it, and the body 26 is being fixed to the background of the thick 
center section of the cooling jacket 18 down the center section of this insulating substrate 24. It lets 
the electric supply rod 28 pass to the rear face of the thick center section of the cooling jacket 18 in 
this body 26. The electric supply rod 28 is connected to the about 800- 1000- volt negative voltage 
power supply (not shown), and the negative voltage is impressed to a target 20 through the conductor 
in the electric supply rod 28 and a cooling jacket 18 as cathode voltage. 

[0013] The drive ring 32 is attached in the periphery side of a body 26 possible [ rotation ] through 
bearing 30. The gearing 34 of the upper part of the drive ring 32 is engaging with the gearing 38 
combined with the output shaft of a drive motor 36, and with the rotation driving force of a drive 
motor 36, the drive ring 32 makes a body 26 a medial axis, and he rotates by constant speed, for 
example, the rotational speed of 30rpm. The interval of 180 degrees is mutually set in the support 
plate 40 of the shape of a disk of the lower part of the drive ring 32, and the magnet units 46 and 48 
of a couple are attached in it through bearing bars 42 and 44. These magnet units 46 and 48 
constitute the 1st and 2nd magnetic field generating meanses for [ plasma ****** ], respectively. 
[0014] The exhaust air system 1 10 for decompressing the inside of the gas supply system 100 for 
introducing a gas, for example, inert gas, and the processing container 10 to a predetermined 
pressure is connected to the processing container 10. 

[0015] As shown in drawing 2 , the 1st and 2nd magnet units 46 and 48 fix four pieces 46b and 48b 
of a permanent magnet at intervals of about 90 degrees to the inner skin of the pole piece 46a and 
48a of the shape of a ring which consists of the magnetic substance. However, as for each piece of 
permanent magnet 48b of the 2nd magnet unit 48, the periphery side serves as [ the inner 
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circumference side ] N pole by the south pole to an inner circumference side being [ the periphery 
side of each piece of permanent magnet 46b of the 1st magnet unit 46 ] the south pole on the N pole. 
Piece of permanent magnet 46b and the 48b itself are the same pieces of a permanent magnet. 
Therefore, the magnetic flux which comes out of both the magnet units 46 and 48 forms a magnetic 
field where the sense of line of magnetic force becomes opposite, although magnetic field strength is 
the same. 

[0016] As these magnet units 46 and 48 show on the front face of a target 20 at drawing 3 , they are 
the magnetic field Bl of a couple for [ target ****** ], and B-2. It is given. Electric field E are 
mostly impressed near the front face of the target 20 which is a cathode electrode perpendicularly, 
and they are this electric field E, a magnetic field Bl, and B-2. High-density plasma is confined in 
the place which vector product ExBl (=P1) and ExB-2 (=P2) close in the shape of a loop, and they 
are the so-called plasma rings Rl and R2. It is formed. These plasma rings Rl and R2 With the 
rotation of the magnet units 46 and 48, as a target front face is traced, it rotates by constant speed in 
the direction of an arrow, respectively. High-density plasma acts on the front face (spatter side) of a 
target 20 equally, and the spatter of the target front face is equally carried out by this. 
[0017] In the magnetron-sputtering equipment of this composition, although the magnetic field Bl 
for [ from the above magnet units 46 and 48 / plasma ****** ] and B-2 are acting near a target 20, a 
magnetic field [ **** / un-/ besides those magnetic fields ] may act. For example, when magnetic- 
shielding material is prepared in the bearing 62 for shutter driving shaft 58 in drawing 1 , the 
magnetic field from the magnetic-shielding material may reach to near a target 20. In addition, an 
external magnetic field [****/ U n-] can act near a target 20 according to various causes. However, 
in the magnetron -sputtering equipment of this example, such magnetic field interference is 
compensated and eased automatically, and a stable and uniform spatter is performed so that it may 
explain below. 

[0018] An operation of this example is explained about drawing 4 . (A) of drawing 4 It is the case 
where an external magnetic field [ **** / un-] does not exist. In this case, the sense of magnetic flux 
is more opposite than the 1st and 2nd magnet units 46 and 48, and they are the magnetic field Bl of 
the same pattern, and B-2 as magnetic intensity. It is substantially given near the front face of a 
target 20 as an only magnetic field. By this, they are both the plasma rings Rl and R2. A target front- 
face top is rotated as a stable plasma ring with fixed plasma density, and the spatter of the target 
front face is carried out equally. 

[0019] (B) of drawing 4 , and (C) External magnetic field [ **** / un-/ from the right-hand side of a 
certain direction for example, drawing, ] B0 It is the case where it acts near a target. This external 
magnetic field B0 Polarity is set to N. 

[0020] In this case, (B) of drawing 4 When the 1st magnet unit 46 approaches an external magnetic 
field B0 so that it may be shown, it is the magnetic field Bl from the 1st magnet unit 46. External 
magnetic field B0 Magnetic field strength can be weakened in a near place, and it is an external 
magnetic field B0. Magnetic field strength can be strengthened in a distant place. Plasma ring Rl 
corresponding to the 1st magnet unit 46 by this It sets and is an external magnetic field B0. In a near 
place, plasma density becomes low, and it is an external magnetic field B0. In a distant place, plasma 
density becomes high. On the other hand, it is magnetic field B-2 from the 2nd magnet unit 48. Bl 
Since polarity is reverse, it is an external magnetic field B0. Magnetic field strength can be 
strengthened in a near place, and it is an external magnetic field B0. Magnetic field strength can be 
weakened in a distant place. Plasma ring R2 corresponding to the 2nd magnet unit 48 by this It sets 
and is an external magnetic field B0. In a near place, plasma density becomes high, and plasma 
density becomes low from an external magnetic field B0 in a distant place, but the 2nd magnet unit 
48 - the 1st magnet unit 46 - external magnetic field B0 from - since it is keeping away - that 
much - magnetic field B-2 The influence and the plasma ring R2 which receive The degree of 
change of plasma density which can be set is small. Anyway, external magnetic field B0 The 
magnetic field Bl and B-2 which are given from the 1st and 2nd magnet units 46 and 48 by 
influence Magnetic field strength is changed, respectively and they are both the plasma rings Rl and 
R2. Plasma density is changed, respectively. 

[0021] however, (C) of drawing 4 it is shown - as - the 2nd magnet unit 48 - external magnetic 
field B0 When it approaches, a phenomenon opposite (an object — like) to the above arises in each 
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oosition on a target front face. Namely, external magnetic field BO Near [ near a target front face, it 
fs maoneTc field B 2 from the 2nd magnet unit 48. External magnetic field BO Magnetic field 
sShlan ^ strengEed in a near Jlace. and it is an external magnetic field BO. Magnetic field 
3 can be weakened in a distant place, and it is the plasma ring R2. It sets and is an externa 
maentic field BO Plasma density becomes low in a near place, and !t is an external magnetic field 
BO Plasma density becomes high in a distant place. On the other hand, it is an external magneuc 
field ^BO Near [ distant] a targe°t front face, it is the magnetic field B 1 from the 1st magnet unit 46. 
External magnetic field BO Magnetic field strength can be weakened in a near place, and ,t is an 
«SS2SSc field BO. Magnetic field strength can be strengthened ,n a distant place and it is 
the pTasma £n g Rl It sets and is an external magnetic field BO. Plasma density becomes low in a 
ne JoTace alid it is an external magnetic field BO. Plasma density becomes high in a 
mT 2 2l Thus the change by the external magnetic field since the 1st and 2nd magnet units 46 and 48 
whfpolarity reverse a § s a magnetic field generating means for t plasma ****** ] were f°™^ en 

an ex emal magnetic field [ **** / un-] acts near a target front ^^^ff^^Z 
eauioment of this example is each magnetic field B 1 for / plasma ****** / and B-2. Between and 
Sp ring Rl and R2 It becomes opposite in between. And when both the gV^T^ 
j fo rnfatp hv the background of a target 20, they are the plasma rings Rl and R2. Since it rotates 
"that ta^etCnt foce may be traced^hey are the plasma rings Rl and R2 in each position on the 
front Vd of a target Change of plasma density is offset mutually and it ,s (A) of drawing as a 
esu t A un fo^ spatter equivalent to the case where a stable plasma ring [ like ] rotates wil be 
X^ToS the example of drawing^ explained the case where the external magnet c field 

Z acted from right-hand side, the same result is obtained when arbitrary polar external 
magnetic fiefds act from other arbitrary directions. Therefore, even if an external magnet ic field 
pm/ u „.] acts near a target front face from arbitrary directions, a uniform spatter can be 
nprfnrmed and the front face of the semiconductor wafer 52 can be formed uniformly. 
^^thouahflw^S^t units 46 and 48 of the example mentioned above were the composition 
S fixeS four oie ™of a permanent magnet at intervals of about 90 degrees to the inner skin of 
^le piece of fhe shape -^J"^ of 

S^Zl^oZT^^Z to which ^ quality of the 
uo and fixed h° pillar-like permanent magnet 64 to the core of the circular magnetism board 62 
whicnls soft iron is made into the 1st magnet unit 66. It is good also considering what turned the 
r u th Tnole un and fixed the pillar-like permanent magnet 70 to the core of the circular magnetism 
ooid68 * S3 1 magnet unif 72. Moreover, it is also possible to replace with a permanent magnet 

^^^Z^S^^^ 180 degrees was set and the magnet units 46 and 48 of the 
couple of ZZZdZ^y were mutually attached in the drive ring 32 in the example mentioned 

Sple mentioned above so that straight-line movement of the magnet unit may be earned out 
according to the configuration of a target, the format of a spatter, etc. 

STM^over although the magnelron-sputtering equipment of the example mentioned above 
Sagne"on^utterin| equipment of the planar formula to which 15 * 

can apply this invention also to the magnetron-sputtering equipment of other methods. 

Effect of the Invention] As explained above, according to the magnetron-sputtering equipment of 

a predetermined path, the magnetic field generating means of these ^p ^for ^asma 
Even if a magnetic field [ **** / un-] acts near a target, a stable and uniform spatter can be 
performed, al a result a uniform coat can be formed on a processed object. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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- * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1 ] It is drawing of longitudinal section showing the composition of the planar formula 
magnetron-sputtering equipment by one example of this invention. 

[Drawing 2] It is the perspective diagram showing the composition of the magnet unit in the 
sputtering system of an example. 

[Drawing 3] It is the perspective diagram showing signs that a plasma ring is formed near a target 
front face in the sputtering system of an example. 

[Drawing 4] It is the abbreviation side elevation of the important section for explaining the operation 
to an external magnetic field [ **** / un-] in the sputtering system of an example. 
[Drawing 51 It is the perspective diagram showing the example of a changed completely type of a 
magnet unit. 

[Drawing 6] It is the perspective diagram showing another modification of a magnet unit. 

[Description of Notations] 

12 Spatter Gun 

20 Target 

32 Drive Ring 

36 Drive Motor 

40 Support Plate 

46 1st Magnet Unit 

48 2nd Magnet Unit 

52 Processed Object (Semiconductor Wafer) 
[Translation done.] 
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